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PDOHILF HIIHFWV WR WKH KXPDQ  EHLQJV  DQG  WKH  HQYLURQPHQW &RSSHU LV RQH RI WKH PRVW
FRPPRQO\HQFRXQWHUHGKHDY\PHWDOFRQWDPLQDQWVRIZDWHU7KHPDLQVRXUFHRIUHOHDVLQJVXFK
KHDY\PHWDODUHDVVRFLDWHGZLWKDUHDVRILQWHQVLYHLQGXVWU\URDGZD\VDQGDXWRPRELOHV
'LIIHUHQW WHFKQRORJLHV KDG EHHQ GHYHORSHG IRU ZDWHU WUHDWPHQW RI KHDY\ PHWDOV VXFK DV
SUHFLSLWDWLRQ ILOWUDWLRQ DQG PHPEUDQH 0HPEUDQH WHFKQRORJ\ DUH IDYRUHG RYHU RWKHU
WHFKQRORJLHV2QH RI WKHPRVW LPSRUWDQW W\SH RIPHPEUDQHZKLFK IRXQG DSSOLFDWLRQ LQ ZDWHU
WUHDWPHQW LVPLFURILOWUDWLRQ&RQYHQWLRQDOPLFURILOWUDWLRQ 0)PHPEUDQHVDUH W\SLFDOO\XVHG IRU
WKH SDVVLYH VHSDUDWLRQ RI SDUWLFOHV IURP VROXWLRQ +RZHYHU 0)PHPEUDQHV FDQ EH XVHG DV
DFWLYH KLJKFDSDFLW\ PHWDO LRQ H[FKDQJHUV LI ORQJFKDLQ SRO\PHUV ZLWK PXOWLSOH IXQFWLRQDO
JURXSV DUH LQFRUSRUDWHG RQ WKH SRUHV >@ $ W\SLFDO PLFURILOWUDWLRQ PHPEUDQH ZKLFK FDQ
PRGLILHG IRU XVH LQ KHDY\ PHWDO UHPRYDO LV SRO\SURS\OHQH 33 2QH ZD\ IRU PRGLILFDWLRQ RI
PHPEUDQHV IRU XVH LQ KHDY\PHWDO UHPRYDO LV LQWURGXFLQJ FKHODWLQJ DJHQWV RQ WKHLU VXUIDFH
6FKLIIEDVHVUHSUHVHQWRQHRI WKHPRVWZLGHO\XWLOL]HGFODVVHVRI OLJDQGV LQPHWDOFRRUGLQDWLRQ
FKHPLVWU\>@,QWKLVSDSHUZHZDQWWRLQWURGXFHQRYHOV\QWKHWLFPHWKRGVIRUPRGLILFDWLRQRI33
PHPEUDQHZLWKSRO\DPLQRHWK\OPHWKDFU\OHDQGDQFKRULQJ6FKLIIEDVHDVFKHODWLQJDJHQWIRU
UHPRYDO RI &X,, 7KH 6FKLIIEDVH V\QWKHVLV RQ WKH VXUIDFH RI 33 PHPEUDQH ZDV GRQH E\
VHTXHQFHRIUHDFWLRQVJLYHQLQ)LJXUH)LUVWWKHK\GURSKRELFFKDUDFWHURI33PHPEUDQHKDG
PRGLILHG YLD 8YLQGXFHG LUUDGLDWLRQ ³JUDIWLQJIURP´ RI K\GUR[\HWK\O PHWKDFU\ODWH $ RQ
FRPPHUFLDO33PHPEUDQH,$7KHK\GUR[\OJURXSRI$ZDVWUHDWHGZLWKV\QWKHVL]HGLQLWLDWRU
%WRKDYHVXUIDFHZLWKDWWDFKHGLQLWLDWRU,,$$PLQRHWK\OPHWKDFU\ODWHK\GURFKORULFDFLG&
LQWURGXFHG RQ WKLV VXUIDFH E\ 8YLUUDGLDWLRQ 7KH FKDUJH RI WKLV JUDIWHG SRO\PHU & ZDV
QHXWUDOL]HG LQ .&2 VROXWLRQ ,9$ 7KH IUHH DPLQR JURXSV RQ WKH VXUIDFHZDV UHDFWHG ZLWK
VDOLF\ODOGHK\GHWRIRUP6FKLIIEDVH9$7KHUHDFWLYLW\RIPRGLILHGPHPEUDQH9$LQUHPRYLQJ
&X,,ZDVFKHFNHG LQGLIIHUHQWFRQFHQWUDWLRQRIFRSSHUEURPLGHVROXWLRQ'LIIHUHQW WHFKQLTXHV
ZHUH XVHG IRU FKDUDFWHUL]DWLRQ RI HDFK VWHSV $75)7,5 VSHFWURVFRS\ ZHUH FDUULHG RXW WR
GHWHUPLQHWKHIXQFWLRQDOJURXSVIRUPDWLRQLQHDFKVWHSV6FDQQLQJHOHFWURQPLFURVFRS\6(0
LPDJHV VKRZHG WKH FKDQJHV EHWZHHQ PRGLILHG DQG XQPRGLILHG PHPEUDQH ('; DQDO\VLV
SURYHG WKH SUHVHQFH RI &X LQ PHPEUDQH SRUHV 7KH HIILFLHQF\ RI PRGLILHG PHPEUDQH LQ
DEVRUELQJ&XZDVGHWHUPLQHGE\ DWRPLFDEVRUSWLRQ VSHFWURVFRS\ DQG WKH GDWDZHUHXVHG WR
SORW GHVRUSWLRQ JUDSK ILJXUH  ,Q RUGHU WR RSWLPL]H WKH XVH RI DGVRUEHQWV LW LV LPSRUWDQW WR
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